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Description 



NON-CONTINUOUS ENCAPSULATION 
LAYER FOR MIM CAPACITOR 

Cross Reference to Related Applications 

[0001] This application is a non-provisional application of provi- 
sional application Serial No. 60/320,264, "Method of 
Metal-lnsulator-Metal (MIM) Capacitor Fabrication", filed 
June 12, 2003, and incorporated in its entirety herein by 
reference. 
Background of Invention 

[0002] FIELD OF THE INVENTION 

[0003] The invention relates generally to semiconductors and, 

more particularly, to metal-insulator-metal (MIM) capaci- 
tors for integrated circuits. 

[0004] BACKGROUND OF THE INVENTION 

[0005] The integration of MIM capacitors and field effect transis- 
tors (FETs) on an integrated circuit are important because 
analog circuits usually require precision capacitors as well 



as transistors. The on-chip integration of MIM capacitors, 
FETs, and other devices reduces the cost associated with 
fabricating integrated circuits. 

[0006] Semiconductor capacitors are prone to dielectric damage 
during fabrication that lead to reliability fails due to di- 
electric breakdown. For example, a MIM capacitor can 
have a reliability sensitivity to the etch of the inter-level 
dielectric (ILD) for the vias used to contact the top plate of 
the MIM capacitor. The integration of high performance 
inductors with MIM capacitors on a semiconductor chip is 
done in part with relatively large, tall vias in the inter-level 
dielectric above the MIM capacitor, which results in pro- 
longed exposure of the MIM capacitor to the via etch. 

[0007] jo reduce the exposure of the top plate to the prolonged 
via etch, an insulator layer such as, for example, silicon 
nitride, is formed covering the entire substrate including 
the top plate of the capacitor and the inter-level dielectric. 
Referring to FIG. 1, a substrate 10 is provided upon which 
front-end-of-line (FEOL) levels 20 including semiconduc- 
tor structures such as, for example, FETs (not shown) and 
inter-level dielectric layer 25 are formed. Back- 
end-of-line levels 30 are subsequently formed upon the 
FEOL levels 20, and include semiconductor structures 



such as, for example, interconnect 35 and MIM capacitor 
40. Conventionally, MIM capacitor 40 is formed on inter- 
level dielectric layer 25 by depositing a bottom metal layer 
45, a portion of which forms a bottom metal plate of the 
MIM capacitor and another portion of which forms an 
electrical contact area, depositing a dielectric layer 50 on 
the bottom metal layer 45, and depositing on the dielec- 
tric layer 50 a top metal layer 55, a portion of which forms 
a top metal plate of the MIM capacitor and another portion 
of which forms an electrical contact area. Over the MIM 
capacitor, an insulator layer 60 is deposited to cover in- 
ter-level dielectric 25, interconnect 35 and MIM capacitor 
40. Processing continues with a deposition to form inter- 
level dielectric 65 and a reactive ion etch to form via 70. 
The insulator layer 60 acts as an etch stop for the MIM ca- 
pacitor top plate 55 to prevent exposure to the via etch, 
thus preventing breakdown of the MIM capacitor dielec- 
tric. 

[0008] Although reliability of the capacitor dielectric is improved 
in conventional MIM capacitor fabrication, it has been ob- 
served that the performance of FETs formed on FEOL lev- 
els 20 below the insulator layer 60 are degraded. The for- 
mation of a MIM capacitor with reduced sensitivity to di- 



electric damage without degrading the performance of 
FETs is desired. 
Summary of Invention 

[0009] it is thus an object of the present invention to provide 

MIM capacitors with reduced sensitivity to dielectric dam- 
age without degrading the performance of FETs in an in- 
tegrated circuit. 

[0010] The foregoing and other objects of the invention are real- 
ized, in a first aspect, by a semiconductor structure com- 
prising: 

[° 01 1 ] a substrate comprising a plurality of levels formed there- 
upon; 

[0012] a metal-insulator-metal (MIM) capacitor formed on an in- 
ter-level dielectric layerin a first of the plurality of levels; 
and 

[0013] an insulator layer selectively formed on said MIM capaci- 
tor, wherein portions of the inter-level dielectric layer are 
insulator layer-free. 

[0014] Another aspect of the invention is a method of forming a 
semiconductor structure comprising the steps of: 

[0015] providing a substrate comprising a plurality of levels 
formed thereupon; 

[0016] forming a metal-insulator-metal (MIM) capacitor on an in- 



ter-level dielectric layer in a first of the plurality of levels; 
and 

[0017] selectively forming an insulator layer on said MIM capaci- 
tor, wherein portions of the inter-level dielectric layer are 
insulator layer-free. 

[0018] a further aspect of the invention is an integrated circuit 
comprising: 

[0019] a substrate comprising a lower level including a plurality 
of field effect transistors and an upper level; 

[0020] a metal-insulator-metal (MIM) capacitor formed on an in- 
ter-level dielectric layer in the upper level; and 

[0021] a silicon nitride layer selectively encapsulating a portion of 
the MIM capacitor, wherein portions of the inter-level di- 
electric layer are silicon nitride layer-free, said silicon ni- 
tride layer-free portions allow hydrogen and/or deuterium 
to diffuse to the FETs. 
Brief Description of Drawings 

[0022] The foregoing and other features of the invention will be- 
come more apparent upon review of the detailed descrip- 
tion of the invention as rendered below. In the description 
to follow, reference will be made to the several figures of 
the accompanying Drawing, in which: 

[0023] FIG. 1 illustrates a conventional MIM capacitor. 



[0024] FIGS. 2A-E show a MIM capacitor formed according to an 
embodiment of the invention. 
Detailed Description 



[0025] with the integration of MIM capacitors and FETs on inte- 
grated circuit chips, MIM capacitor processing is typically 
performed in BEOL levels subsequent to FET processing in 
FEOL levels and, as such, the effect of MIM capacitor pro- 
cessing is not expected to have an effect on FET perfor- 
mance. The inventors have observed that when MIM ca- 
pacitors and FETs are formed by conventional means such 
as was described with reference to FIG. 1, the perfor- 
mance of the FETs degraded. For example, it was ob- 
served that an increase in threshold voltage shift over 
time occurred in FETs which were integrated with MIM ca- 
pacitors in an integrated circuit. 

[0026] it W as determined that the shift in threshold voltage was 
related to the out-diffusion of hydrogen or deuterium 
from the channel regions of the FETs when MIM capacitors 
and FETs are formed in an integrated circuit chip. Without 
the integration of MIM capacitors, FETs formed in FEOL 
levels are exposed to subsequent processing steps such 
as, for example, a high temperature anneal in a BEOL level 
which results in hydrogen or deuterium diffusing through 



inter-level dielectrics to the FETs. Hydrogen or deuterium 
which diffuses out of the channel regions of the FETs is 
replaced by hydrogen or deuterium supplied from the am- 
bient atmosphere (i.e. high temperature anneal). Thus, 
threshold voltage shifts are avoided since the channel re- 
gions of the FETs are not depleted of hydrogen or deu- 
terium. 

[0027] For MIM capacitors formed according to conventional 
techniques as described with reference to FIG. 1, it has 
been determined that the etch stop layer (i.e. insulator 
layer 60) has an effect on the diffusion of hydrogen or 
deuterium from the ambient atmosphere to the FETs. For 
example, it has been determined that silicon nitride etch 
stop layer 60 formed over the entire substrate is a barrier 
to ambient hydrogen or deuterium diffusion during sub- 
sequent anneals. Hydrogen or deuterium is not able to 
diffuse from the ambient atmosphere to the channel re- 
gions of the FETs to replace hydrogen or deuterium which 
diffuses out of the FET channel regions. The out-diffusion 
of hydrogen or deuterium causes a loss of passivation in 
the channel regions, leading to an increase in threshold 
voltage shift over time due to hot-electron effects. 

[0028] The invention relates to forming MIM capacitors on BEOL 



levels without degrading the performance of FETs formed 
on FEOL levels by providing a path for diffusion of hydro- 
gen and/or deuterium from the BEOL levels to the FETs. 
This is accomplished by selective formation of an insula- 
tor layer on the MIM capacitors. A portion of the insulator 
layer is selectively removed from an inter-level dielectric 
layer such that ambient hydrogen and/or deuterium may 
diffuse to the FETs while another portion of the insulator 
layer remains on the MIM capacitors to prevent damage to 
the capacitor dielectric caused by etch processes. 
[0029] Referring to FIG. 2A, a substrate 100 is provided upon 
which FEOL levels 105 are formed by methods known to 
those skilled in the art. Substrate 100 can be selected 
from materials such as, for example, silicon or silicon- 
on-insulator (SOI). FEOL levels 105 comprise semiconduc- 
tor structures such as, for example, FETs, interconnects 
and isolation regions (not shown). BEOL levels 110 are 
subsequently formed upon the FEOL levels 105, and in- 
clude semiconductor structures such as, for example, in- 
ter-level dielectric (ILD) layer 115, and interconnects and 
MIM capacitors (described hereinafter with reference to 
FIG. 2B). ILD layer 115 can be formed of known a dielectric 
material such as, for example, silicon oxide or a low-k di- 



electric such as SILK (available from Dow Chemical Co., 
Midland, Ml). 

[0030] FIGS. 2B-E show the formation of a MIM capacitor accord- 
ing to the invention. FIG. 2B shows a lower metal layer 
120 such as, for example, a layer of aluminum is formed 
on ILD layer 115 by methods known in the art such as, for 
example, chemical vapor deposition or physical vapor de- 
position. Aluminum layer 120 is subsequently patterned 
and etched as described hereinafter to provide the bottom 
plate of a MIM capacitor and interconnects. A capacitor 
dielectric 125 such as, for example, silicon oxide or sili- 
con nitride is formed on aluminum layer 120. A top metal 
plate 130 such as, for example, titanium nitride (TiN) is 
formed on the capacitor dielectric 125. The capacitor di- 
electric 125 and the top metal plate 130 are defined us- 
ing, for example, known photolithographic and etch pro- 
cesses. 

[0031] An insulator layer 135 is then formed as shown in FIG. 2C 
using a known process such as, for example, chemical va- 
por deposition, sputter deposition or physical vapor de- 
position. Insulator layer 135 comprises a material which 
has a lower etch rate than ILD layer 115 during a subse- 
quent via etch process. For example, when an oxide ILD 



layer 115 is utilized, a preferred material for use as insu- 
lator layer 135 is silicon nitride. 

[0032] Referring to FIG. 2D, a photoresist layer 140 is patterned 
using known photolithographic processes. Exposed por- 
tions of aluminum layer 120 and silicon nitride layer 135 
are removed by known etch processes such as, for exam- 
ple, a reactive ion etching to form the bottom plate 145 of 
MIM capacitor 150 and interconnects 155 as shown in FIG. 
2E. Silicon nitride layer 135 encapsulates a portion of MIM 
capacitor 150 including capacitor dielectric 125 and top 
metal plate 130, and also remains on the upper surface of 
the interconnects 155, which is of no consequence. How- 
ever, the silicon nitride layer 135 is removed from all 
other regions of the substrate resulting in openings 160 
which are permeable to hydrogen and/or deuterium diffu- 
sion. Processing continues with a subsequent inter-level 
dielectric deposition and formation of via studs in the ILD 
level (not shown). The silicon nitride layer 135 acts as an 
etch stop for the top metal plate 130 to prevent exposure 
of the top metal plate 130 to the via etch. 

[0033] By selectively forming openings 160 during MIM capacitor 
150 processing in the BEOL levels 110 according to the 
invention, ambient hydrogen and/or deuterium can dif- 



fuse through diffusion paths 165 to FETs formed on FEOL 
levels 105, and the silicon nitride layer 135 remains on 
the top plate 130 of the MIM capacitors 150 to prevent 
damage to capacitor dielectric 125 due to etch processes 
which are exposed to MIM capacitors 150. 

[0034] For integrated circuit design rules that limit the maximum 
metal density to, for example, about 70%, at least about 
30% of the substrate would include openings 160 which 
would be permeable to hydrogen and/or deuterium diffu- 
sion. The inventors have observed that the performance of 
FETs improved by incorporating openings 160 in inte- 
grated circuits including MIM capacitors and FETs. The in- 
vention provides reliable MIM capacitors without degrad- 
ing the performance of FETs. 

[0035] while the invention has been described above with refer- 
ence to the preferred embodiments thereof, it is to be un- 
derstood that the spirit and scope of the invention is not 
limited thereby. Rather, various modifications may be 
made to the invention as described above without depart- 
ing from the overall scope of the invention as described 
above and as set forth in the several claims appended 
hereto. 



